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. . METHODS FOR INDUCING T CELL TOLERANCE 
TO A TISSUE OR ORGAN GRAFT 

Badgnmnd nf the invent* on 

5 To induce antigen-specific T cell activation and clonal expansion, two signals 

provided by antigen-presenting cells (APCs) must be delivered to die surface of resting T 
lyinphocytes (Jenkins, M and Schwartz, R. (1987) J. Exp Med 165, 302-319; Mueller, DJ>^ 
etaL(1990)JCJj7wnmoI 144, 3701-3709; Wffliams, LR. and Unamxe, EJL (1990) J. 
Immunol 145, 85-93). The first signal, winch confers specificity to the immune response, is 
- 10 mediated via the T cell receptor (TCR) following recognition of foreign antigenic peptide 
presented in the context of the major histocompatibility complex (MHQ. The second signal, 
tenned costmmlfltion, mduces T cells to proliferate and become functional (Schwartz, RJL 
(1 990) Science 248, 1349-1356). Cosumuktian is neither antigen-specific, nor MHC 
restricted and is thought to be provided by one or more distinct cell surface molecules 
15 expressed by APCs (Jenkins, MIL, et aL (1988) /. Immunol 140, 3324-3330; Linsley, P.S., 
et aL (1991) J. Exp. Med. 173, 721-730; Gimmi, CD., et aL, (1991)Ph*: Natl Acad. Set 
USA. 88, 6575-6579; Young, J.W., et aL (1992) J. din. Invest 90, 229-237; Koulova, I*, et 
aL(\99\)J.Exp.Med 173, 759-762; Reiser, a, et aL (1992) Proa Nad. Acad Set USA*89> 
271-275; van-Seventer, GJL, et aL (1990) J. Immunol 144, 4579-4586; LaSalle, IM, et aL, 
20 (1991) J. Immunol 147, 774-80; Dustin, ML, et aL, (1989) lExp.Med 169,503; Arrnitage, 
IU.,etaL0992)flbnii*357i80^ One 
costinmlfltoiy pathway m 

surface of T cells. Ibis molecule can receive a costimulatory signal de liver e d by a ligand on 
B cells or other APCs. Ligands for CD28 include members of the B7 fornixy of B 

25 lymphocyte activation antigens, such as B7-1 and/or B7-2 (Freedman, AJLetaL (1 987) J. 
Immunol 137, 3260-3267; Freeman, GJ. et aL (1989) J. Immunol 143, 2714*2722; Freeman, 
GJ. et aL (1991) J Exp. Med 174, 625-631; Freeman, GJ, et aL (1993) Science 262, 909- 
911; A2nma,M et aL (1993) /four* 366, 76-79; Freeman, GJ. et aL (1993) J. figx Med 
178, 2185-2192). B7-1 and B7-2 are also ligands for another mol e cule, CILA4, present on 

30 the surface of activated T cells, although the role of CTLA4 in costTmulnrion is unclear. 
I>irveiyto aTcell of raaiitigeifr*pe 
T ffcrt^ fftfn^ which can far h T> ^ hidh T erfi proliferation biA cytokine RgggBti«m- In 
contrast delivery to a T cell of an antigen-specific signal in the absence of a aretrrmil atmy 
signal is thought to induce a state of urnespcraiveness or ancrgy in the T cell, thereby 

35 inducing antigen-specific tolerance in the T celL 

Interactions between T cells and B cells play a central role in inmnme responses. 
Indnctian of humoral immurrhv to trrymn>depcndent antigens requires "brio* provided by T 
helper (hereafter lb) cells. While some help provided to B lymphocytes is mediated by 
soluble mokmte ^leased by Th cells (for instance Ivn mhokmc s such as IL-4 and IL-5X 
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activation of B cells also requires a contact-dependent interaction between B cells and Th 
cells, ffirahata et aL, J. Immunol, 1403736-3744 (1988); Bartlett et aL, 1 Immunol, 
143:1745-1754(1989). This indicates that B ceil activation involves an obligatory 
interaction between cell surface inolecules on BcelbandThafls. Themolecule(s)QntbeT * 
5 ceil therefore m«fi atea contact-dependent helper effector fa^rtvmq of the T A contact- 
deprndf Jit interaction between moleccles on B cells and T cells is further supported by the 
observation that isolated plasma membranes of activated T cells can provide helper fimc tior re 
necessary for B cell activation. Brian, iVoc Nail Acad. ScL USA. 85:564-568 (1988); 
Hodgkin et aL, J. Immunol^ 1453025-2034 (1990); Noeflc et aL, 7. Immunol, 146:1118- 
10 1124(1991). 

A molecule, CD40, has been identified on the surface of immatnre and mature B 
lymphocytes which, when crosslinked by antibodies, indnces B cell proliferation. Vafleet 
aL, -Eur. X Immunol, 19:1463-1467 (1989); Gordon etaL, J. Immunol^ 140:1425-1430 
(1988); Gruber et aL, J. Immunol, 142: 41444152 (1989). CD40 has been moleculariy 

15 cloned and characterized. Stamenkovic et aL, EMBOl, 8:1403-1410 (1989). A ligand for 
CD40, gp3 9 (also called CD40 li gaud or CD40L) has also been moleculariy cloned and 
characterized. AnnitageetaL,#fltoe, 357:80-82 (1992); Ledennan etaL, J: £gi A&i, 
175:1091-1101 (1992);HoUenbaugJietaL t £M»OJ. t 11:4313-4319(1992). Thegp39 
protein is e xp r esse d on activated, but not resting, OX** Th cells, Spriggs et aL, J. Exp. Med, 

20 176:1543-1550 (1992); Lane et aL, Eur. J. Immunol, 222573-2578 (1992); Roy et aL, J. 
Immunol, 151:1-14 (1993). Cells transfected with the gp39 gene and expressing the gp39 
protein on then* surface can trigger B cell proliferation and, together with other stimulatory 
signals, can induce antibody production. Annitage et aL, Nature, 357:80-82 (1992); 
Holknbangh et aL, EMBO J., 11:431*4319(1992). 

25 

SlUnmag Bt Tiwventfmi 

Ceil-surface molecules which mediate amtact-dependent helper effector functions of 
T crib are important fig inducing immune responses which require T cell help. Fox example, 
the interaction of gp39 on T cells whh CD40 on B celb plays a central role m activating B 

30 ceD responses to an antigen. The conent invention is based, at least in part, on the discovery 
that cell-surface molecules which mediate contact-dependent helper effector functions of T 
celb also play a critical role in the response of In particular, it has 

been discovered that, under appropriate conditions, interference with an interaction of gp39 
with a ligand on an allogeneic cell winch is presenting alloantigens to the T ceD can in**™** 

35 tolerance in the T celL Preferably, the allogeneic cell which presents alloantigens to the T 
cell requires an interaction between a gp39 ligand on the cell and gp39 on the T cell to be 
able to provide signals necessary for activation of theTcdL Inhibitin g the inter action of the 
gp39 ligand on the allogeneic cell with gp39 on the T cell prevents T cell activation and 
rather induces alloantigen-specific T cell tolerance. Induction of T cell tolerance to 
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alloantigens as decribed herein can be used as a preparative regimen for tissue or organ 

Accordingly, the methods of the invention are particularly useful for inducing T ceD 
> tolerance to a donor tissue or organ in a recipient of the tissue or organ. Hie methods involve 

5 administering to a transplant recipient: 1) an allogeneic or xenogeneic ceD which e xpr es se s at 
least one donor antigen and which has a ligand on a cell surface which interacts with a 
rec ep tor an the surface of a rrr-ipi" 11 * T cell which mediates contact-dependent helper effector 
functions; and 2) an antagonist of the molecule cm the surface of the recipient T cell winch 
medi a tes contactKlcpeodent helper ftffffcfflr functions. The antagonist inhibits an inter auction 

10 between die molecule on the T cell and ifs ligand on the allogeneic or xenogeneic celL 
In a preferred embodiment, the receptor on the surface of a recipient T cell which 
mediates contact-dependent helper effector functions is gp39. In this embodiment, the 
antagonist is a molecule which inhibits the interaction of gp39 on a T cell with a gp39 ligand 
on an allogeneic or xenogeneic celL A particularly preferred gp39 antagonist is an anti-gp39 

15 antibody. In another embodiment, the gp39 antagonist is a soluble form of a gp39 ligand, for 
example soluble CD40. The allogeneic or xenogeneic ceD winch is administered to the 
recipient is preferably a lymphoid cell, tor example a B celL Alternatively, the allogeneic or 
xenogeneic cell is a small resting B cdL The allogeneic or xenogeneic ceO and the 
antagonist (cg~, antirgp39 antibody) are typically administered to a recipient subject prior to 

20 transplantation of the tissue or organ into the subject Far example, lymphoid cells (eg*, B 
cells) from the donor of the tissue or organ are administered to the recipient, together with the 
antagonist, prior to transplantation of the tissue or organ into the recipient. 

The methods of the current invention can be used, tor example, to induce T cell 
tolerance to transplanted tissue or organs such as river, kidney, heart, lung, skin, muscle, 

25 THnn**" 1 *! tiirau?, s tffir 1 ^ trrtft**™^ In one embodiment, the transplanted tissue 
comprises pancreatic islets. Accordingly, the invention provides a method tor treating 
diabetes c ompri sing administering to a subject in need of treatment: 1) allogeneic or 
xenogeneic cells which express donor antigens; 2) an antagonist of a receptor on the surface 
of recipient T cells which mediates crtntRCt«dependent helper effector functions, such as & 

30 gp39 antagonist (e*g^ an anti-gp39 antibody); and 3) donor pancreatic islets. 

Rrfef Description of the Drawings 

' Figure 1 is a graphic representation of the survival of transplanted pancreatic islet 
allografts in chemically diabetic mice pretreated with anti~gp3 9 antibody alone or prete sted 
35. with unfractionated or fractionated allogeneic spleen cells alone. 

Figures 2A and 2B are graphic representations of the survival of transplanted 
pancr ea tic islet allografts, as measured by a decrease in plasma glucose concentration, in 
c hemically diabetic mice pretreated with a single dose of fractionated allogeneic spleen cells 
together with an anri -gp3 9 amibody (MR1 ) treatment for either 2 weeks (panel A) or 7 weeks 
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(panel B). Each curve represents data from an individual mouse Open symbols identify 
recipients in which the islet allograft failed spontaneously. Closed symbols indicate mice 
whose islet grafts weze functional at the termination of the cxp ei int en t 

Figures 3A, B and C are flow cytometic profiles depictirig the stairn^ 
5 activated human peripheral blood lyrnphocytes with either CIMOIg (panel A\ mAb 4D9-8 
(panel B) ormAb 4D9-9 (panel Q. 

Figures 4A B and C are flow cytometic profiles depicting the staining of 6 hour 
activated human peripheral blood lymphocytes cohered in the pre se nc e of cyclosp orin A 
stained wim either n^ 
10 Figures 5A and 3 are flow cytometric profiles depicting the gftmmig 0 f 6 hour 

actrvattrl rmrnnn peripheral blood lymphocytes with CIMOIg in the presence of unlabeled 
iriAb4D9^(paridA)OTuri 

Figure is a graphic representation of the inhibition of human B cell proliferation 
induced by soluble gr£9 and 
15 mAbs4D9-8,4D9-9, 24-31, 24-43, 89-76 ox 89^79. 

Figure 7 is a graphic representation of the inhibition of an allo-specific mixed 
lymphocyte response when cells are cultured in the pr^ycmT of anti-human gp39 mAbs 24-31 
or 89-79. 

20 Detailed Description attta Imaflm 

Una invention feaimes methods for inducing T *»n tniwsmce in vfap tp a donor tissue 
or organ t ransplant in a tr ansplant reci pi e nt . The methods involve administering to the 
recipient 1 ) an allogeneic or xenogeneic cell which expresses donor antigens and which has a 
Iigand on a cell surface which interacts with a receptor an the surface of a recipient T cell 
25 , which mrriintrs contact-dep cndcart helper cfiector function, and 2) an antagonist of the 
receptor an the surface of the T ceD which inhibits interaction 

As used herein the term "recipient* refers to a subject into whom a tissue or organ graft is to 
he trangp1mrtprf t ta hemg transplnrrted or hag heen transplant*^ As defined herein, an 
'allogeneic" cell is obtained from a different mdrvidual of the same species as the recipient 

30 and expresses "aUoantigcns 1 '. which differ from antigen* expressed by certa nf the TmjnVnf, 
A a xendgeneic ,> cell is obtained from a different species than the r ec ip ien t and a xpi e as es 
"xenoatttigens*, which differ from antigens cap* e ased by cells of the re c ipi en t As used 
herein, the term "donor antigens' refers to antigens expressed by the donor tissue or organ 
graft to be transplanted into the recipient, The donor antigens may be aHoantigens or 

35 xenoantigens, depending upon the source of the graft The allogeneic or xenogeneic cell 
* ft^f>»ni^H fed to the rec ipient as part of the tPleriZBtian regimen exprCSSCS ^"TtflT nwttggn.^ 
gxp'^ftg^g some or aQ of the same antigens present on the doner tissue or organ to be 
transplanted. The aUogenric or xenogeneic cell is preferably obtained from the donor of the 
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35 



tissue or organ graft but can be obtained from one or more sources having common antigenic 
determinants with the donor. 

In addition to the allogeneic or xenogeneic cell, an antagonist of a molecule on T cells 
which mediates contact dependent help er effector functions is administered to the recipient as 
5 part of the tDlerizalion regimen. As defined herein, a molecule or receptor which mediates 
contact dependent helper effector functions ta one which is exp^^ 
interacts with a Hgsnd on an effector cell (e.g^ a B cell), wherein the interaction of the 
molecule with it's Hgsnd is ne cessar y for generation of an effector cell response (e*g^ B cell 
activation). In addition to being involved in efTwJor cell responses, it has now been found 

10 that such a molecule or receptor is involved in the response of the T ceil to antigen. 
Preferably, the molecule on a T cell which mediates contact-dependent helper effector 
function is gp39. Accordingly, in preferred embodiments, the methods of the invention 
involve administering to a tr ansplant recipient an allogeneic or xenogeneic cell and a gp39 
antagonist Activation of recipient T cells by the allogeneic or xenogeneic cell involves an 

15 interaction between gp39 on recipient T cells and a gp39 ligand on the allogeneic or 
xenogeneic celL By inhibiting this interaction with a gp39 antagonist, the T rrl la of the 
recipient are not activated by the donor a n ti g e ns e xpr e s sed by the allogeneic or xenogeneic 
cell but rather become tolenzed to the donor antigens* Ihdnctton of tolerance to donor 
qrrtf geyifl in the recipient thus enables successful twiw pfanfHtm n of the dono r ti ssu e or oy gan 

20 without unmunjc-*nediated rejection of the donor graft 

'Various aspects of the invention are described in further detail in the following 



L gp39 Antagonists 

25 According to the methods of the invention, a gp39 antagonist is administered to a 

recipient to interfere with the interaction of gp39 on recipient T cells with a gp39 ligand on 
an allogeneic or xenogeneic cell, such as a B cell, adrninistered to the recipient. Agp39 
antag onist fa defined as amolecnifl which mmiciLa with this interaction- The gp39 
antagonist can be an antibody directed against gp39 (e»g^ a monoclonal antibody against 

30 gp3 9), a fragment or derivative of an antibody directed against gp3 9 (e. g^ Fab or F(ab)*2 
fragments, chimeric antibodies or humanized antibodies), soluble forms of a gp39 Hgpn4 
(e.g^ soluble CD40), soluble forms of a fusion protein of a gp39 ligand (e.g^ soluble 
CD40Ig), or pharmaceutic^ 
interaction. 



A i Antihodies 

A mammal, (e.g^ a mouse, hfttrtsltf, or rabbit) can be hnnmnized with an 
unrnunogenic form of gp39 protein or protein fragment (e.g*, peptide fragment) which elicits 
an antibody response in the mammal. A cell which e x presses gp39 on its surface can also be 
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used as the immunogen. Alternative immunogens include purified gp39 protein or protein 
frag ments. gp39 can be purified from a gp39-*xpressing ceil by standard purification 
techniques, AMtioiiaJly,^9cDNA(Arjnitageet ^Natun, 357 :&0&(19n);lJ3tennBn 
et^J.EqxMed, 175:1091-1101 0992);HonenhaoghetaL,£W»Oa, 11:4313-4319 

5 (1 992)) can be expressed in a host ccD, e^, bacteria or a mammalian cell line, and gp39 
protein purified from cell cultures by standard techniques. Alternatively, gp39 peptides can 
bo synthesized based upon the a m i no acid sequence of gp39 (disclosed in Annftage et aU 
Nature, 357:80-32 (1992); Ledennan etaL,J.£xp, 175:1091-1 101 (1992); 
Hollenbangh et aL, EMBO J., 1 1 :431 3-43 1 9 (1992)) using known techniques (eg. F-moc or 

10 T-boc chemical synthesis). Tccfamqoes for cenfaring nrmnmo genicity on a protein include 
conjugation to earners or other techniques well known in the art For example, the protein 
cm fr» nri w un igtm d m the presence of aripwanL The progress of immunization can be 
monitored by detection of antibody titers in plasma or serum. Standard FT .ISA or other 
immunoassay can be used with the immunogen as antigen to assess the levels of antibodies. 

15 Following immunization, antisera can be obtained and, if desired, polyclonal 

antibodies isolated from the sera. To produce monoclonal antibodies, antibody producing 
™»|1q (lymphocytes) can be harvested from an immunized animal and fused with myeloma 
r^f ]? by standard somatic cell fusion procedures thus hnmortalizing these cells and yielding 
hybridoma cells. Such techniques are well known in the art Far example, the hybridoma 

20 technique originally developed by Kohfcr and MDstein (Nature (1 975) 256:495-497) as well 
as other techniq ues such as the human B-cell hybridoma technique (Kozbar et aL, Immunol, 
Today (1983) 4:72% the EBV-hybridoma technique to produce human monoclonal antibodies 
(Cole et aL Monoclonal Antiboales in Cancer Therapy (1985) (Allen R. Bliss, Intx, pages 77- 
96), and screening of combinatorial antibody libraries (Huse etaL, Science (1989) 246:1275). 

25, Hybridoma cells can be screened imnmnochemicaDy fig production of antibodies s p eci fic al ly - 
reactive with the protein or peptide and monoclonal antibodies isolated. 

The term antibody as used her ein is intended to mchide fragments thereof which am 
speci fically reactive with a gp39 protein or peptide thereof or gp39 fusion protein. 
Afltifrndigg can be fragmented using conventional techniques and the fragments screened for 

30 utility in the same mm^er as described above for whole antibodies. For example, F(ab")2 
fragments can be generated by treating antibody with pepsin. The resulting F(atf)2 fragmen t 
can be treated to reduce disulfide bridges to produce Fab 1 fragments. The antibody of the 
present invention is further intended to include bispecific and cfiimeric molecules having an 
ami-gp39 portion. 

35 When antibodies produced in non-human subjects are used therapeutically inhnmans, 

they are recognized to varying degrees as foreign and an hnmunc response may be generated 
in the patient One approach for minimizing or elirninating this problem, which is preferable 
to general immunosuppression, is to produce chimeric antibody derivatives, i.c, antibody 
molecules that combine a non-human animal variable region and a human constant region. 
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Chimeric antibody molecules can include, for example, the antigen binding domain from an 
antibody of a mouse, rat or otDcr species, with human constant regions. A variety of 
a pp ro a ches Tn n *" n C chimeric antibodies have been described and can be used to make 
chimeric antibodies containing the umnmrngtobaHn variable region which recognizes gp39. 

5 See, for example, Morrison et aL, Proa Nad Acad. Sd USA 81:6851 (1985); Takeda et aL, 
Nature 314:452 (1985), Cabilly et aL, U.S. Patent No. 4,816\567; Boss et aL, U.S. Patent No. 
4,816\397; Tanaguchi et aL, European Patent Publication EP 171496; European Patent 
Publication 01 73494, United Kingdom Patent GB 2 1 77096B . It is expected that such 
chimeric antibodies would be less immunogenic in a human subject than the corresponding 

10 non-chimcric antibody. 

For human therapeutic purposes fee monoclonal or chimeric antibodies specifically 
reactive with a gp39 protein or peptide can be further humanized by producing human 
variable region chimeras, in winch parts of the variable regions, especially the conserved 
framew ork regions of the antigen-binding domain, are of human origin and only the 

15 hypervariable regions are of nonrhuman origin. Such altered immunoglobulin molecules may 
be made by any of several techniques known in the art, (e^, Teng et aL, Pro c NatL Acad. 
Set USA. 80:7308-7312 (1983); KozboretaUJn^^ 

ct aL, Meih Emymol* 923*16 (1982)), and are preferably made according to the teachings of 
PCT Publication WO92/06193 or EP 0239400. Humanized antibodies can be commercially 
20 produced by, for example, Scotgen limited, 2 Holly Road, Twickenham, Middlesex, Great 
3ntam» 

Another method of generating specific antibodies, or antibody fragments, reactive 
against a gp39 protein or peptide is to screen expression libraries encoding immunoglobulin 
genes, or portions thereof; expressed in bacteria with a gp39 protein or peptide. Fox example, 

25 complete Fab fragments, VH regions aniFV regions can be ex 

phage exjxrcssionltaaries. See for example Ward et aL, Nature, 341: 544-546: (1989); Huse 
et aL, Science, 246: 1275-1281 (W89); and McCafferty et aL, Nature, 348: 552-554 0990). 
S cr ee nin g such libraries with, for aommlc, a gp3 9 peptide can identify mmmnogbbm 
fragments reactrvewithgp39. Alternatively, the SGIWni mooae (available from Genpharm) 

30 can be used to produce antibodies, orfiagrnentsthereo£ 

Methodologies for pr oduc in g m o no cl on al antibodies directed against gp39, including 
human gp39 and mouse gp39, and suitable monoclonal antibodies for use in me methods of 
the invention* are described in further detail in Example 2. 

Anri-4mman gp39 monoclonal antibodies of the invention are preferred for use in 

35 inducing antigen-specific T cell tolerance. Preferred antibodies include monoclonal 
antibodies 3E4, 2H5, 2H8, 4D9-8, 4D9-9, 24-31, 24-43, 89-76 and 89-79. described in 
Example 2. Particularly preferred annT)odies are monoclonal antibodies 89-76 and 24-31. 
The 89-76 and 24-31 hybridomas, producing the 89-76 and 24-3 1 antibodies, respectively, 
were deposited under the provisions of the Budapest Treaty with the American Type Culture 
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Collection, Parklawn Drive, Rodcvffle, Md, an September 2, 1994. The 89-76 hybridoma 
was assigned ATCC Accession Number HB1 1713 and the 24-31 hybridoma was assigned 
ATCC Accession Number HB1 1712* The 24-31 and 89-76 antibodies are of the IgGl 
isotype* 

5 In another embodiment, the anti-human gp39 mAb for use in the methods of the 

invention binds an epitope recognized by a monoclonal antibody selected from a group 
consisting of 3E4, 2H5, 2H8, 4D9-8, 4D9-9, 24-31, 24-43, 89-76 and 89-79. More 
preferably, the anti-human gp39 mAb binds an epitope recognized by monoc lonal antibo dy 
24-31 or monoclonal antibody 89-76. The ability of an mAb to bind an epitope recognized 
10 by any of the aforementioned antibodies can he d etermine d by. standard H^re- ^mptrti tfon 
assays. For example, an antibody that binds the same epitope recognized by mAb 24-31 will 
compete for the binding of labeled 24-31 to activated T cells, whereas an a^ 
a different epitope than that recognized by mAb 24-31 will not compete for the binding of 
labeled 24-3 1 to activated T cells. 

15 

ft SflUiWcLigandsfftrgp,!? 

Other gp39 antagonists which can be administered to fadnry T cell tolerance include 
soluble forms of a gp39 ligand. A monovalent soluble figand of gp39, such as soluble CD40, 
can bind to gp3 9, thereby inhibiting the interaction of gp3 9 with CD40 on B cells. The term 

20 "soIuMe* indicates that the ligand is not pennanentty 

soluble gp39 ligand can be prepared by chemical synthesis, ox, preferably by recombinant 
DNA techniques, for example by expressing only die rrrracdlular domain (absent the 
transmembrane and cytoplasmic domains) of the ligand. A preferred soluble gp39 li gan d is 
soluble CD40. Alternatively, a soluble gp39 ligand can be in the form of a fusion protein. 

25 Such a fusion protein comprises at least a portion of the gp39 ligand attached to a second 
molecule. For example, CD40 can bo expressed as a finkm protein vahh jnnmmoglobuKn 
0a, a GD40Ig fusion protein). In one embodiment a firrinn pratem in fimdneeA rmtpnomg 
amino acid residues of an exfracelrular domain portion of CTMO joined to nrmnn add residues 
of a sequence corresponding to tho h i n ge, CH2 and C H 3 regions of an hnmunoglobuHn 

30 heavy chain, eg. Cyl, to form a CD40Ig fusion protein (see e^, Linsley ct a! (1991) J. Exp 
Med 1783:721-730; Capon et aL (1929) Nature 337, 525-531; and Capon US. 5,1 16^964). 
The fusion protein can be pro duc ed by c hemicnl a/ntliests, or, preferably by recombinant 
DNA techniques based on die cONA of CD40 (Stamenkovic et aL, EMBO J., 8:1403*1410 
0989)). 

35 

n Oik for Induction of Antigen-Specific Tolerance 

Tho current invention is based, at least in part, on the di scove r y that presentation of 
. alloantigens to T cells by allogeneic cells in the presence of a gp39 antagonist results in T cell 
tolerance to the aDoantigens. Cells which are capable of inducing tolerance by this 
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mcchanism include those which present antigen and activate T cells by interaction with gp39 
(Lc. an interaction between gp39 on T cells and a gp39 ligand on the ceD p re sent ing antigen 
is necessary to deliver the appropriate signals for T ceil activation to the T cell). Inhibition of 
the interaction of die ligand an the allogeneic or xenogeneic cell with gp39 on recipient T 
5 cells prevents T ceD activation by alio- or xenoantigens and, rather, induces T cell tolerance 
to the antigens. Int e rfer ence with activation of Ac T ceD via gp39 may prevent the induction 
of costimulatory molecules on the allogeneic or xenogeneic ceD, (eg! B7 family molecules 
on a B cell), so that the cdl delivers only an antigenic si gnal to the T cell in th e absence of a . 
costimulatory signal, thus rmtncfng tolerance. 

10 Accordingly, in the methods of the invention, an allogeneic or xenogeneic cell is 

administered to ft r ffffif* 1 * subject The allogeneic or xenogeneic cell is capable of 
presenting antigen to Tcefls of the recipient, and is, for example, a B lymphocyte, a 
"professional" antigen presenting cell (eg., a monocyte, dendritic cell, T^mg»hnn ceD) or 
other cell which presents antigen to immune ceils (cg^ a keratinocyte, endothelial cell, 

15 astrocyte, fibroblast, oligodendrocyte). Furthermore, it is preferable that the allogeneic or 
xenogeneic cell has a reduced capacity to stimulate a costimulatory signal in recipient T cells. 
For example, the allogeneic or xenogeneic cell may lack expression of or express only low 
levels of costimulatory rnokcnles such as the B7 family of proteins (eg., B7-1 and B7-2). 
Expression of costrrnnlntniy molecules on potential allogeneic or xenogeneic cells to be used 

20 in the method of the invention can be assessed by standard techniques, for example by flow 
cytometry using antibodies directed against costimulatory molecules* 

Preferred aflogenek or xenogeneic cells tor indncing T cell tolerance are lymphoid 
cells, for example peripheral blood hymphocytes or splenic cells. Preferred lymphoid cells 
for inducing T cell tolerance are B cells. B cells can be purified from a mixed population of 

25 cells (cg^ other cell types in rjeripheral blood or spleen) by standard cell separation 

techniques* For example, adherent cells can be removed by entering spleen <^n« on plastic 
dishes and recovering the non-adherent cell population. T cells can bo removed from a mixed 
population of cells by treatment with an anti-T cell antibody (eg., anti-Hryl.l and/or anti- 
Thy 1J) and complement In one emrjodiment, resting lymphoid cells, preferably resting B 

30 cells, are used as the antigen presenting cells. Resting lymphoid cells, such as resting B cells, 
can be isolft*^ by techniques known in the art, for ranrnipta based wprm their gnaj] tmA 

density. Resting lymphoid cells can be isolated for example by counterflow ewrtrifo ffii 
elutriation as described in Example i. Using counterilow centrifugal elutriation, a gm«11 
resting lymphoid cell rjojfluatian depleted of cells which can activate T cell responses can be 
35 o btained by collecting a fractions) at 14-19 ml/mht, preferably 19 inl/miiL (at 3,200rpm). 
Alternatively, small, resting lymphocytes (eg-, B cells) can be i so l ated by discontinuous 
density gradient centrifugation, for example using a FicoQ or PercoO gradient, and a layer 
containing small, resting lymphocytes can be obtained after centrifugation. Small resting B 
cells < * r * T1 also be distinguished from activated B cells by assaying for expression of 
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costimulaiory molecules, such as B7-1 and/or B7-2, cm the surface of activated B cells by 
standard techniques (eg. nnmimofluoitscence). 

The allogeneic or xenogeneic cells administered to the recipient function, at least in 
. part, to present donor antigens to r ecipient T cells* Urns, the cells express antig ens winch are 
5 also expressed by the donor tissue or organ. Typically, this can be accomplished by using 
allo g e ne ic or x e nogene ic cells obtained from the dormr of the tissue or organ gr aft. For 
example, peripheral lymphoid cells, B cells or spleen ceils from the tissue or organ donor can 
be isolated and used in the methods of the invention. Al t e rnat iv ely; all o geneic or xeno geneic 
cells can be obtained from a source other than the donor of the tissue or organ as king as die 
10 cells have antigenic determinants in common with the tissue or organ donor. For e xampl e, 
allogeneic or xenogeneic cells which express (most or all) of the same major 
histoconipatibility complex antigens as the donor tissue or organ can be osed. Thus, 
allogeneic or xenogeneic cells may be used from a source which is MHC haplotype matched 
with the donor of the tissue or organ (e»g^ a close relative of the graft donor). 

TIL Administration of Cells and gp39 Antagonists 

T cell tolerance to an organ or tissue graft can be induced according to the in v e nt ion 
by admini stration to the transplant recipient of a gp39 antagonist in co nj u ncti on with an 
allogeneic or x en o geneic cell which expresses donor antigens and interacts with r e cipient T 

20 cells via gp39. In a preferred embodiment, the allogenek or xenogeneic cefl and the gp39 
antagonist are administered to the recipient shnoltapBOi i ify or cm itffiny wy Tf ^ iwi y 
Alternatively, the gp39 antagonist can be administered prior to administezing the allogeneic 
or xenogeneic cells, for example when the antagonist is an antibody with a long half-life. In 
a preferred embodiment, the antagonist and the allogeneic or xenogeneic cells are 

25 arimhrinstered to die recipient prior to transplantation of the organ or tissue into die recipient 
(Lft, the recipient is preo. rated with the antagonist and cells). For example, administration of 
the Allogeneic or xenogeneic cells and antagonist can he performed wvrral days (o g^ five to 

o gfo t days) prior to tiiyrfiWr or organ ^pnsp ? an ^?!o iL 

Administration of a single dose of allogeneic ccDs (jn combination with the 
30 antagonist) has been found to be sufficient for induction of T ccD tolerance to a donor tissue 
or organ (see Example 1). The number of cells a dmi n iste re d may vary dep^ 
type of cell used, the type of tissue or organ graft, die weight of die recipient, the gencznl ' 

condition of the recipient and other variable?; known tn the skilled artisan. An appropriate 

Tynfrihgr nrf cells for IISC m the method ofthg invnilinn am rlfffyrpningd hy mm rrf n mritnftr y 

35 skill in foe art by conventional methods (for example as described in Example 1), Cells are 
administered in a form and by a route which is suitable for induction of T cell tolerance in the 
* r e ripi yft- Cells can be administered in a physiologically acceptable solution, such as a 
' buffered saline solution or similar vehicle. Cells are preferably administered intravenonsl 
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An antagonist of the invention is administered to a subject in a biologically 
compatible form suitable for pharmaceutical administration in vivo to induce T cell tolerance. 
By "biologically compatible fbxm suitable for administration in vivo" is meant a form of the 
antagonist to be administered in which, any toxic effects are outweighed by the therapeutic 
5 effects of the compound. The term subject is intended to include living organisms in which 
gn jnmrunc response g*n be elicited, eg- mammals Examples of subjects include humans, 
dogs, cats, mice, rats, and transgenic species thereof A gp39 antagonist of can be 

flrf^frrk tCTwi jn my pfrprniftcnlngtcal fhnn, nptirmflfty with a pbiuni>HyiTtiraf1y acceptable 
earner. AHmtiwatw Hint of a tbffiH| ruticaDy active amount of the antagonist is defined as an 
10 amount effective, at dosages and tor pe ri ods of time necessay to achieve the desired result 
(e.g^ T cell tolerance). For example, a therapeutically active amount of an antagonist of gp39 
may vary according to factors such as the disease state, age, sex, and weight of the individual, 
and the ability of the antagonist to dicit a desired response in the mdrvidnal. Dosage 
regimens may be adjusted to provide the optimum therapeutic i espouse. For example, 
15 several divided doses may be admmistered daily or the dose may be proportionally reduced 
aa indicated by the exigencies of the therapeutic situation, As described in Example 1 for 
treatment with an anti-gp3 9 antibody, an effective treatment regimen can include initiation of 
■ antibody a dmini s t rati on prior to tissue or organ transplantation (e^, five to eight days before 
transplantation), followed by rmftnrnisrratian of the antibody (e*, every other day ) for 
20 several weeks (eg. two to seven weeks) after transplantation. 

The active compound (e.g* an antagonist such as an antibody) may be admini&ered in 
a convenient manner such aa by injection (snbentancous, intravenous, etc.), oral 
aqnunisti ation, mb» lqrifW1 , *™«dermfll appliearhm, or rectal arhniniKlrHli nn. Depending an 
the route of administ ration, the active cumpound may be coated in a material to protect the 
25, c omp o un d farm the action of enzymes, acids and other natural conditions which may 
in ac t ivate the ccanpound. A preferred route of adrnimstratian is by intravenous injection. 

To administer an antagonist of gp3 9 by other than pai Tnitwal adnumstration, it may be 
necessary to coat the antagonist with, or co-administer the antagonist with, a material to 
prevent its mactivation. For example, an antagonist can be adiiiiiiiaiaed to an individual in 
30 an appropriate carrier or diluent* co-admmistered with enzyme rnhihitui s or in an appropriate 
carrier such as liposomes. Pharmaceutical^ acceptable diluents in clud e saline and aqueous 
buffer solutions. Enrymf ^bibitnw include pgnereatie trypsin inhibitor, ■ 
diisopropymiiCTopbosphalE (DEP) and trasyloL liposomes inciodc WHtcr-irj-ofl-m-watcr 
emulsions as wen as conventional liposomes (Strejanet ah, (1984)/ Naavimmwtol 727). 
35 The active compound may also be admmistered parenteraDy or iuhapeutoneaDy. 

Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and mixtures 
thereof and in oils. Under ordinary conditions of storage and use, these preparations may 
coritain a preservative to prevent the growth of microorganisms. 
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Pharmaceutical compositions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersion. In all cases, the composition must be 
sterile and must be fluid to the eo^ that easy syimgab^ ft must be stable under 
5 the conditions rf marmfiwlnre and storage 

action ofiniauuigaiiisms such as bacteria and fungi. The carrier can be a solvent or 
dispersion medium containing, for e xample , water, ethanol, polyoi (for example, glycerol, 
propylene glycol, and liquid polyetheyiene glycol, and the like), and suitable mixtures 
thereof The proper fluidity can be maintained, for example, by the use of a coating such as 

10 lecithin, by the maintenance of the required particle size in the case of dispersion and by the 
use of surfactants. Prevention of the action of microorganisms can be achieved by various 
antibacterial and antifungal agents, for example, parabens, chloiobulanol, phenol, asorbic 
acid, thimcrosal, and the like In many cases, it wffl be preferable to include isotonic agents, 
. for example, sugars, polyalcohols such as manitol, sorbitol, sodium chloride in the 

IS composition. Prolonged absorption of the injectable compositions can be brought About by 
i ncl u d in g in the composition an agent which delays absorption, for mnwr ip j ^ al uminmn 
mopo steaiflte and gelatin* 

Sterile injectable solutions can be prepared by incorporating active compound (e,g^ 
an antagonist of gp39) in the required amount in an appropriate solvent with one or a 

20 combination erf ingredients enmnerated above, as required, followed by filtered sterilization. 
Generally, dispersions ate prepared by incorporating the active g ^HTpAM ttd fatp a sterile 
vehicle which contains a basic dispersion medhnn and the required nthgr fn£rrE*KpTtf3 firyrri 
those enumerated above. In the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation are vacuum drying awH freeze* 

25 drying which yields a powder of the active ingredient (e.g^ antagonist) plus any additional 
desired ingredient from a previously sterile-filtered solution thereof 

When the active compound is suitably protected, as described above, the protein may 
be orally a dnuni stercd, faexampley with an inert diluent or an assnmbhte edible carritT. As 
used herein ^hannaceotically acceptable carrier" Sncmdea any and all sorveirrs, dispersion 

30 media, costings, antibacterial and antifungal agents, isotonic and absorption delaying agents, 
and the like. The use of such media and agents for pharmaceuticalry active substances is well 
known in the art Except insofar as any ccmtventional media or agent is incompatible with the 
active confound, use thereof in the therapeutic compositions is c ontemp lated . 
Supplementary active compounds can also be mcorpor at ed into the compositions. 

35 It is especially advantageous to formulate parenteral corrmositions in dosage unit form 

for ease of adminis tration and uniformity of dosage. Dosage unit form as used herein refers 
to physically discrete units suited as unitary dosage? for die mmrnnaiiim subj e cts to be 
treated; each unit containing a pitdetemiincd quantity of active comrxnmd calculated to 
produce the desired therapeutic effect in association with the l e quii e d pharmaceutical carrier.. 



WO 9508957 



PCI7US95/04832 



-13- 

The specification for the dosage unit forms of the invention are dictated by and directly 
dependent on (a) the unique characteristics of the active compound and the particular 
therapeutic effect to be achieved, and (b) the limiMon^ iriherentin the art of compounding 
such an active compound for the treatment of sensitivity in individuals. 
5 Subsequent to or concurrent with the tolerizatioii regimen described herein, a donor 

tissue or organ is transplanted into a transplant recipient by conventional techniques. 

TV n^rfnSeM^odsofn^Iiivimtioii 

The methods of the invention are applicable to a wide variety of tissue and organ 

10 transplant aihiati ring. The methods can be used to induce T cefl tolerance in a re cipi e nt of a 
graft of a tissue or organ such as pancreatic islets, liver, kidney, heart, hmg, glrfn, muscle, 
neuronal tissue, stomach and intestines, Thus, the methods of the invention can be applied in 
treatments of diseases or conditions which entail tissue or organ transplantation (e.g^ liver 
transplantation to treat hypercholesterolemia, transplantation of muscle cells to treat muscular 

15 dystrophy, transplantation of neuronal tissue to treat Huntington's disease or Parkinson's 
disease etc). Tn a preferred emhodlmmi, the transplanted tiggna comprises p awft Tfl ti^ falrfa 
Accordingly, the invention encompasses a method far treating diabetes by pancreatic islet 
cell transplantation. The method comprises administering to a subject in need of treatment: 
1) allogeneic or xenogeneic cells which express donor antigens, 2) an antagonist of a 

20 molecule expressed on recipient T cells which mediates contact-dependent helper effector 
function, such as a gp39 antagonist (e.g^ anti-gp39 antibody) and 3) donor pancreatic islet 
oefls. Preferably, the allogeneic or xenogeneic cells and the antagonist are administered to 
the p M ripi ff nt prior to ftiffmii ignition of the pf Tyr i^yftc wfc^Sj 

25 , The invention is further fllustraled by the foil owing example winch should not be 

construed as limiting- The contents of aD references, patents and published patent 
applications cited throughout this apphcatkm are hereby incoipofated by inference. 

30 EXAMELELLl Induction of Tolerance to Pancreatic Islet Allografts by 
Treatment of the Recipient with Allogeneic Cells and Anti-39 

Cpnteflaporary allotransplantal hp studies depend on generalized immunsnppression 
mat non-specificaDy ablates immune effector functions, However, mmnmos up p r e as iy B 
35 pharmaceuticals cansa significmrt side effects. In addition, allotransplantation of islet of 
Langerhans for the treatment of diabetes has proven refractory to this approach (see eg. 
Robertson, RJ\ (1992) N. EngL 1 Med. 327, 1861). Therapies with antibodies directed 
against T cells may allow successful allografting of islets in rodents, but this approach too 
uniformly results in generalized immunosuppression (Carpenter, C.B. (1 990) N. EngL X 
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Med 322, 1224; Roaric, JJI etaL (1992) Transplantation 54. 1098; Kahan, BD. (1992) 
Car. Opin Immunol 4, 553), la this example, tolerance to islet allografts was indu ced in a 
transplant recipient by manipulating the presentation of aPoantigcn to T cells so as to prevent 
their activation* The survival of islet allografts in chemically diabetic C57BL/6 (H-2b) mice 
5 was examined using the following methodology: 

Male C57B1/6J (H-2 b ) mice were rendered diabetic by the intravenous 
administration of streptozotocin (140 mg/kg). Permanent diabetes was confirmed by the 
10 demonstration of a plasma glucose concentration > 400 mg/dl on three occasionns over a 
period of one week 

Donor allogeneic cells for pretreatment of graft recipients were obtained from (CS7 X 
IS BALB/c)(H-2^)Fi hybrid animals to prevent graft- versos-host disease. To isolate small 
lymphocytic cells, spleen cell suspensions from 8 week old (C57x BALB/c) Fi female mice 
wexe depleted of erythrocytes and then size fractionated by dutriation as described in Tony, 
rLP. et aL (1985) J. Exp. Med lfl, 223; and Gosselin EJ. et aL (1988) J. Immunol 140, 
1408. Briefly, small lymphocytes are isolated by counterflow centrifugal erutriation, for 
20 example using a model J-6B c entrifuge (B cckman Instruments. Palo Alto CA\ 

^ppi^fwiqt^iy r lfl8 cells in 8 ml culture medium or balanced salt solution with 1.5 % 
fetal bovine serum are treated with deuxyiibunnclease, loaded into the dutriation chamber 
with a starting countercurxent flow rate of 13 J mlAnm. and spun at 4^ at a constant speed 
of 3,200 rpm. A small-cell fraction with very ^ contimrinatrng large cells b elu^ 
25 typically at 14-19 mlAnin^ although the cxart 

the cells are suspended. In the eaqperiments described herein, die small cell fraction was 
collected at 1 9 mlAnin. (at 3 ,200 rpm). This fraction was completely depleted of radiation 
resistant (3000 rate) accessory 

rabbit IgG and H2^aX35) ox Small cells and 

30 unfactionfltPii cells were washed twice in serum free medium before tail vein inj ection into 
allograft recipients. Appnixmiatery 40-100 x 10* (C57xBAI^c)Fi(H.2Wd)unfiactici^ 
spleen cells or 40-100 x 10* (C57 xBALB/c)Fi(H-2^^) elutriated small spleen cells were 
used. 

35 EnHMttncm n f P™* fteenrienta 

Graft recipients were prctreated with cither unfoctionaled (C57 x BALB/c)Fi(H- 
2^ d ) allogeneic spleen cells, dutriated fl fraction 19" small diameter spleen cclb that had 
been depleted of APC activity (isolated as described above), an anti-gp39 monoclonal 
antibody (MR1 , see Example 2, Experiment 3), or a com bi nation of allogeneic cells and anti- 
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gp39 antibody. The fraction 19 cells were tested at two cfiffcrenl dose ranges, a low dosage 
of 4044 x lO^ceDa or a hi^i dose of 77-88 xlO 6 cells. Gattd animals received neither 
allogeneic cells nor antibody treatment Allogeneic cells were administered to graft 
T mpents by tail vein injection five to eight days prior to allngrwft transplantation MR1 
5 antibody treatment was at a dose of 250 ^g/mouse twice weekly beginning 7 days before islet 
transplantation and couliuuizig for 2-7 weeks or until graft failure, lie first injection of 
antibody was typically given an the same day as the first injection of allogeneic spleen cells, 

Wet Allograft Tranplanfation 
1 0 Allogeneic BALB/c (H-2<*) islets were isolated by a modified collagenase digestion 

method (Gottlieb, P.A. ct aL (1990) Diabetes 39, 643). Islets at a dose of 30 islets/g body 
weight were implanted into the subrenal capsule of the recipient C57B 1/6J (H-2&) mice 
immediately after isolation. Graft survival was defined as the maintenance of a plasma 
glucose concentration <200 mg/dL 

15 

Results 

In a first series of experiments, islet allograft recipients were pretreated with cither 
allogeneic spleen cells alone or ant>gp39 antibody alone. As shown in Figure 1, in the 
absence of spleen cell pretreafment, aO islet allografts were rejected within 13 days of 

20 transplantation (9±2 d; range 5-13 d; N-23). Poor islet survival was also observed in animals 
treated only with unfiactianated spleen cells wmmimng normal APC activity (6±3 d; range 4- 
12 d; N=*7) or low doses (40-44 x 10^ cells) of Fraction 19 APC depleted spleen cells (7±3 d; 
range 3-14 d,N=16). In contrast, injection of a higher dose of Fraction 19 APC-depleted 
small splenocytes (75-88 x 10^ cells) prolonged allograft survival (IfttlO d; range 7-40 d; 

25 N-16). This effect on to duration of graft survival was statistically wgnfficmrt ^jg-HJ 
p<0,001 when cornpared with groups treated with nothing, whole spleen transfusions, ox the 
lower dose of fraction 19 spleen cells) hot was not permanent The extended but finite 
survival of allogeneic islets in diabetic recipients of APC depleted, fraction 19 small cells 

flngffKflH dint lh*KA nlftTift emnat awtntn Allograft <nmmr»1 An additional cohort of 

30 graft recipients was treated wiut 77^xl(^fiBetian20ee0s. Ildsfiaetionwasabo 

comp osed ovrr whrfTnw>g^y a? small rymphocytes but differs from the fraction 19 population 
in that it contains measurable APC function. Recipients of these cells (r*«6) all rejected their 
grafts promptly (mean^SJ) d, range 6-12). Another group of graft recipients was treated 
solely with an anti-gp39 monoclonal antibody, MR1. Figure 1 illustrates that islet allografts 

35 failed within 15 days in 7/1 1 mice treated only with the anti-gp39 mAb, The remaining four 
mice had functional grafts at the conclusion of the experiment on day 48. The results 
demonstrate that administration to die recipient of die MR1 anti-gp39 antibody alone can 
prolong islet allograft survival (mean 20=19 d; range 9 indefinite: N=5). The degree of 
prolongation was statistically similar to that achieved using a higher dose of Fraction 19 
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spleen cells alone and significantly longer than that achieved in the other three groups (p< 
0.05> 

The series of experiments described above indicated that high doses of Fraction 19 
APC depleted spleen ccQs or anti-gp39 mAb treatment alone can enhance pancreatic islet 

5 allograft survival c ompa red to no treatment However, neither treatment alone was effective 
in inducing long-term tolerance to the islet aBografls in the recipients. In the next series of 
experiments, allogeneic spleen cell treatment was combined with anti-gp39 treatment of the 
recipient The combined administration of allogeneic spleen cells and anti-gp3 9 was found to 
be more effective than either reagent alone. Results are shown in Figure 2, wherein each 

.0 curve represents data from an individual mouse. Open symbols identify recipients In which 
the islet allograft Med spontaneously. Closed symbols indicate mice whose islet grafts were 
functional at the termination of the experiment Figure 2 (panel B), shows that indefinite 
graft survival was achieved in all animals treated for 7 weeks with anti-gp39 mAb and ft 
single injection of Fraction 19 APC depleted spleen cells (N=6). Alteration of this protocol 

15 by reducing the duration of anti-gp39 treatment weakened, but did not abrogate, the fevorable 
effect on graft survival. Indefinite graft survival was achieved in 6/8 reci pie nts when anti- 
gp3 9 mAb was administered for only 2 weeks in combination with Fraction 1 9 spleen cells 
(Figure 2, panel A). Indefinite graft survival was also observed in recipients treated with 
anti-gp39 for 2 or 7 weeks in combination with one injection of unfiactionated allogeneic 

20 spleen cells. 

To confirm islet graft function and the absence of insulin secretion by residual native 
islets not destroyed by the streptozotocin treatment, the kidneys bearing subrenal implants 
were removed. In all cases, unilateral nephr e ctomy resulted in recurrence of hyperglycemia 
(>300 mg/dl) withm 3 days. 

25 Islet allografts and the native pancreas were studied histologically in all animals, 

either when the graft Med or at the end of the experiment Histological sections of islet 
allografts in the kidneys of recipients of fractionated allogeneic small lymphocytes and 
continuous (7 weeks) MR1 mAb treatment displayed abundant intact isle^ 
renal capsule which were devoid of mo n onu c le ar infiltration and c ontaine d well grannlated 

30 insulin and glucagon positive cells. In contrast, histological sections 

kidneys of recipients treated with anti-gp39 mAb alone showed characteristic intense 
mononuclear cell inflammation and attendant islet cell destruction. In all host pancreata, islet 
morphology was uniformly consistent with streptozotocin diabetes. 

35 EXA MP t;k ^ Production and Characterization of Anti-gp39 Antibodies 

Ifrrpgmngnt 1 - Antihoffiffi djweterf nynmrt hrnnan yp39 

Fox induction of antigen-specific T cdl tolerance in a human subject, it is preferable 
to administer an antibody directed against human gp39. The following methodology was 
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used to produce mouse anti-human gp39 monoclonal antibodies. Balb/c mice were 
immunized with a soluble gp39 fusion protein, gp39-CD8, in Complete Frcuncfs Adjuvant 
• (CFA). Mice were subsequently challenged 6 weeks later with soluble gp39-CD8 in 

Incomplete Freunds Adjuvant (IFA). Soluble gp39-CD8 was given in soluble form 4 weeks 

5 after secondary immunization- Mice were then boosted with activated human peripheral 
blood lymphocytes 2 weeks later, Mowed by a final boost with soluble gp39-CD8 after an 
additional 2 weeks. Splenocytcs woe fused with the NS-1 fusion partner an day 4 after final 
tmmmivTtttirwi m per standard protocols. 

Clones producing anti-human gp39 antibodies were selected based on a multiple 

10 screening process. Clones were initially screened by a plate binding assay using gp39-CD8. 
Positive clones were then screened against a control CD8 fusion protein, CD72-CD8. Clones 
which scored positive on the CD8-CD72 plate binding assay were eliminated. The remaining 
clones were subsequently screened on resting and 6 hour activated human peripheral blood 
lymphocytes (PBL) by flow cytometric analysis. Hybridomas staining activated, but not 

15 resting, PBL were considered positive. Finally, the remaining clones were tested for their 
ability to block the binding of CD40Ig to plate bound gp39. 

Approximately 300 clones were initially screened against gp39-CD8 and CD72-CD8 
in the plate binding assays. Of those clones, 30 were found to detect plate-bound gp39 and 
not CD8. These clones were subsequently screened for detection of gp39 on activated human 

20 PBL. Appiojuiii ateiy 15 dories detected a molecule 

Specificity was further confirmed by determining the capacity of the clones to block CD40Ig 
detection of plate-bound gp39. 3 of 10 clones tested block CD40Ig binding in this assay. 
These clones were 3E4, 2H5 and 2H3.' Such clones are preferred for use in the methods 
de s c ri bed herein. Clones which tested positive on activated, but not resting PBL, were also 

25 screened for reactivity with an activated rat T cell clone, POMC8. The clone 2H8 expressed 
citjssreactivitywith tins rat Tcellline. 

t ^pgritnffnt 9 - Ant fhnriiea dfrecM »pi m« hrnnsm ffp^Q 

A similar in*"i»n«gtlfm pnnjeihiia to that described in Experiment 1 WBS used to 

30 produce additional antibodies directed against human gp39. One Balh/c mouse was 

immunized with soluble gp39-CD8 in CFA, followed by challenge with 6 hour activated 
human peripheral blood lymphocytes 4 weeks later. The mouse was subsequently boosted ' 
with soluble gp3W3)84dayspriortofiisionof adenocytes with the NS*1 fusion partner per 
standard protocols. Screening of hybridoma clones was performed by flow cytometric 

35 s taining of 6 hour activated human PBLa. Clones staining activated but not resting human. 
PBLs were selected. Six clones, 4D9-8,4D9-9, 24-31, 24-43, 89-76 and 89-79, wereselected 
for further analysis. 

The specificity of the selected antibodies was confirmed by several assays. First, flow 
cytometric analysis demonstrated that all six mAbs stain activated, but not resting peripheral 
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blood T cells (sec Figure 3B and 3C for a representative cacan^c, depicting staining of 
activated T cells with 4D9-8 and 4D9-9, respectively). Expression of the molecule 
recognized by each of the six antibodies is detectable within 4 boors of activation, is maximal 
between 6-8 hours after activation, and is undetectable by 24 hours after activation* All six 
5 mAbs recognize a molecule expressed on activated CD3+ PBLs, predominantly of the QD4* 
phenotype, but a portion of CD8* T cells also express the molecule. Expression of the 
molecule recognized by the six mAbs is inhibited by the presence of cyclosporin A in the 
culture medhnxu as is the expressian of gp39 (see Figure 4A and 4B for a representative 
example, depicting staining of cyclosporin treated T cells with 4D9-8 and 4D9-9, 

10 respectively). The kinetics and distribution of expression of the molecule recognized by 
these mAbs are identical to that of gp39, as detected by the fusion protein of human GD40Ig. 
In addition, all six mAbs block the staining of gp39 by CD40Ig (see Figure 5 A and 5B for for 
a r epre se ntative example, depicting inhibition of gp39 staining by CD4QIg in the presence of 
4D9-8 and 4D9-9, respectively). In an ELISA assay, all six mAbs recognize gp39-CD8, a 

15 soluble fusion form of the gp39 molecule. Moreover, all six mAbs hnmimo px e cipita t e a 
molecule of approxim ately 36 kd from 3 ^S-methionine labeled activated human PBLs, The 
immunupiecipitated molecule is identical to that pieciyitated by the human CD40Ig fusion 
protein* 

The functional activity of the six selected mAbs (4D9-8, 4D9-9, 24-32, 24-43, 89-76 
20 and 89-79) was assayed as follows. Fust, the ability of the mAbs to inhibit the proliferation 
of purified hnmm B cells cultured with IL-4 and soluble gp39 was measured. Purified 
human B cells were cultured with gp39 and IL-4 in the presence or absence of purified 
monoclonal antibodies or CD40Ig at dosages between 0 and 12S pgfaL B cell proliferation 
was rifttt i i i i" *** gftw 3 days in cuhnre by thymidine mcurpuraiion. The results (shown in 
25 Figure 6) demonstrate that all six mAbs can inhibit B cell proliferation Train red by gp39 and 
IL-4. The mAbs 89-76 and 24-31 were most effective at inhibiting the induced B cell 
proliferation* 

Next, the ability of the mAbs to inhibit B cell d iff ere nti a tion, as measured by Ig 
production induced by anti-CD3 activated T cells and 11^2, was examined. Purified IgD+ 
30 human B cells were prepared by positive selection with FACS and then cultured with antJ- 
GD3 activated human T cells (mitomycin C treated) andIL-2 for 6 days in the presence or 
- absence of purified anti-gp39 monoclonal antibodies as dosages between 0 and 10 jig/mL 
IgM»IgG and IgA production was assessed by ELISA on day 6\ The results (shown below in 
Table 1 ) demonstrate that all six antibodies can inhibit T cell dependent B cell differentiation, 
35 as measured by IgM, IgG and IgA production. 
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Production of TimminnptnhpKn 



mAb 






TgG 


IgA 


none 


- 


17,500 


6710 


4471 


4D9-8 


0.1 


4813 


2130 


2819 




1.0 


4394 


2558 


1519 




10.0 


1081 


389 


396 


4D9-9 


0.1 


3594 


919 


1731 




1.0 


2659 


1233 


1606 




10.0 


374 


448 


266 


24-31 


0.1 


3863 


981 


344 




1.0 


1287 


314 


165 




10.0 


1120 


596 


23 


24-43 


0.1 


6227 


4132 


432 




1.0 


3193 


2130 


192 




10.0 


7021 


1232 


1081 


89-76 


0.1 


3783 


1069 


344 




1.0 


2180 


352 


171 




10.0 


818 


551 


19 


89-79 


0.1 


9763 


1924* 


3021 




1.0 


2314 


460 


156 




10.0 


183 


135 


434 



5 To examine Reflect of the ant^p39mAhsOTTcdlxcsponsca,toxxiAhswere 

included in standard mixed lynqinxTte reactions (MLR). 300,000 fennaa peripheral blood 

lymphocytes (responded ~R)w^ 

) y pwjJ ipgyfga (frtfamlfltpra ■ S) in the fa esence or absence of agbVgp3 9 mAbs (1 0 

Hg/ml). Cutanea were ptibedwMi3H-^ 
10 later AH mrtUmman gp39 mAbs inhibited aflo-specifio responses as m easu red by MLR 

(g ec Figure 7 for a representative «™wpig, Hqi?rii»fl Snhihition of rfliv^ifrgfin responses 

when R aid S are incubated m the pre^ 

fusion protein and an anti-CD28 mAb were used as positive controls). 

Tfr $**rmmfL whether the six mAbs recognized distinct epitopes on the Inanan gp39 
15 molecule, crosshlockxng experiments were performed. A*41vm1pJ htmwn PBLs were first 
blocked with each of the six mAbs (25 ^g/mi of unconjugated antibody). Cells were washed 
and then stained whh 1 0 ng/ml of bioto^onjugated antibody, followed by reaction with 
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phytooythrin conjugated avidin (PE-Av). The staining of the cells with PE-Av was analyzed 
by FACS. The results are shown below in Tabic 1 



5 



Btarinag 












Ah 


4D9-8 
+H- 


4D9-9 
■H+ 


24-31 24-43 

• ■ i • tiii 


89-76 


89-79 


none 
4D9-8 


ND 


m 


iiii 
^ ^ 4 


++++ 
+++ 


++-H- 
+++ 


4D9^9 


+++ 


ND 




+++ 


+-H- 


24-31 


+ 


+ 


ND +++ 


-H- 


++ 


24-43 


+ 


+ 


+++ ND 


++ 


+ 


89-76 


+ 


+ 


+++ +++ 


ND 


+++ 


89-79 


+ 


■f+ 


+-H- +++ 


«HH» 


ND 



The intensity of staining and the percentage of positive cells are represented by the + symbol 
(H-H- =» MI >200; -H+ = MI >125; MI >50; +- M>25;--i» staining above 
background). ND= not deta mined. 



10 All antibodies blocked the Ho^ng of CD40Ig to activatEd human PBLs. However, the data 

shown in Table 2 clearly demonstrate the failure of some antibodies to block the binding of 

other antibodies to activated h 

the human gp39 molecules* 

The 89-76 and 24-31 hybndomas, producing the 89-76 and 24-3 1 antibodies, 
15 respectively, were deposited under the provisions of the Budapest Treaty with the American 

Type Culture Collection, Parklawn Drive, Rocfcvfllc, Md, on September 2, 1994. The 89-76 

hybridonoa was assigned ATXX: Accession Number HB 11 713 an^ 

assigned ATCC Accession Number HB11712. 

20 Eipeiimciit 3- Antibodies dhnrtrri mmmst mouse gp39 

In one embodiment of the invention, the gp39 antagonist is an anti-mouse gp39 
monoclonal antibody, MR1. The following method was used to produce the MR1 
monoclonal antibody, and may be used to grjirame other antibodies directed toward gp39. 
Hamsters were immunized hnraperitoneally with 5-10 6 activated Tpl cells (dl.6) at 

25 weekly intervals for she weeks. When the serum titer against nnmneTal was greater than 
about 1 : 1 0,000, cell fissions were performed with polyethylene glycol using immune hamster 
splenocytes and NS-1 . Supernatant from wells containing growing hyhridrnnns were 
screened by flow cytometry on resting and activated T Q L One particular rrytnidoma, which 
prodriced a Mab that selective^ 

30 derive MR1. MR1 was produced in ascites and purified by ion exchange HFLC A 
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hyfaridoma MR1 has been deposited with the Anwican Type Culture Collection and assigned 
Accession Number HB1 1048. 



EQUIVALENTS 

Those dcflled in the ait will recognize, or be aUe to ascertain using no more than 
routine expenmenlatlon, many equivalents to the specific embodiments of the invention 
described herein. Snch equivalents tntenrfgH ta be e**xrnrpa***A hy following datm 
The ffyntmts of all icfcr?p f and published jwtrnt sppbeaiions ci te d th ron ^f Hi n t tib tt 
application are hereby incorporated by reference; 
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CLAIMS 

1. A method fa inrtnrin g T cefl tolerance to a donor tissue or organ in a r eci pi en t 
of the tissue or organ 1 1 i j^wtig aJuuiixstcnng to tho re cip ient 

one donor 

antigen and which has a ligand an a cell surface which interacts with a receptor cm a s nrfer* 
of ft recipient T cefl which mediates contacfrdep eodent helper ffflff'tor ftmctio p^ and 

b) an antagonist of the iccefta 
interaction of the Hgjmd with Ac receptor. 

2. The method of claim 1, wherein theTecqmsronthesnrfimrfteiecqnentT 
cell which mediates C Qnta c frdependen l helper effector function is gp39» 

3. The method of claim 2, wherein the antagonist is an anti-gp39 antibody. 

4. The method of claim 3, wherein the anti-gp39 antibody is a monoclonal 
antibody. 



5. The method of claim 3, wherein the anti-gn39 antibody is an anli-hnman gp39 
20 antibody. 



& The method of claim 4, wherein the monoclonal antibody is MR1 . 

7. The method of claim 4, wherein the monoclonal antibody is a dnmeric 
25 monoclonal antibody* 

g. The method of clam) 4«, wherein the monoclonal antibody is a Immanized 
monoclonal antibody. 



30 9. The method of claim 1, wherein die allogeneic c? xenogeneic ce&b a 

lymphoid odL 

10. The method of claim 9, wherein the lymphoid cell is a B cefl. 
35 11. The method of claim 10, wherein the B cell is a resting B cefl. 



12. The method of claim 1, wherein the allogeneic or xenogeneic cefl and the 
antagonist are adffliriiffteied to die recipient prior to transplantation of die tissue or organ. 
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13. He method of claim 1, wherein the tissue or organ comprises pancreatic 

islets. 

14. The method of claim 1, wherein the tissue or organ is selected from the group 
5 consisting of liver, kidney, heart, rang, skin, muscle, neuronal tissue, s t om ac h and nitratin g. 

15. A method for inducing T ceD tolerance to a donor tissue or oigaa in a icciment 
of tire t fasop of ggpp comprising ad ministering to Ac re dp i cnt 

a) an allogeneic or xenogeneic cell which expresses at least otc donor 
10 antigen; and 

b) a{ 



16. The method of claim 15, wherein the gp39 antagonist is an ami-gp39 
antibody. 

15 

17. The method of claim 16, wherein die anti-gp39 antibody is a m on ocl o n al 
antibody. 

18. The method of claim 16, wherein the anti-gp39 antibody is an anti- human 
20 gp39 antibody. 

19. The method of claim 17, wherein the monoclonal antibody is MR1. 

20. The method of claim 1 7, wherein the mcmndonnl antibody is a chfaneric 

25 



21. The method of claim 17, wherem the moncKjonal antibody is a 
mon oc kaal ant i body* 

30 22. The method of claim 15, wherein the gp39 antagonist is a soluble form of a 

gp391igand. 

23. The method of claim 22, wherein the sohmkfimnof ag^9Kgpi]disaCD40 
fusion piotein. 

35 

24. The method of claim 15, wherein the allogeneic or xenogeneic cell is a 
lymphoid ceD. 

25. Tbe method of claim 24, wherem the lymphoid cell is a B cell 



; mn 
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26. Tla method ofdaim 25, whoem the B cell bam 

27. The method of claim 15, whenm the a^ 

ttfl l flgfln fot BIB y^™m<f»!ff »H to the i wJpfwtf ppg tn tgfflphntttiQD iImim nr mgan 



28. The method of claim 15, wherein the tissue or organ comprises pancreatic 

islets. 

10 29. The method of claim 15, the tissis or csgan is selected fiom the gioi^ 

consisting of liver, kidney, heart, lung, skin, muscle, neuronal tissue, stomach and intestine; 



30. A method for treating diabetes comprising administering to ft subject in need 

f i ii i tin ■ nt i 
oi uettuncDC 

15 a) an allogeneic or xenogeneic ceQ which expresses at least one donor antigen; 

b) a gp39 antagonist; and 

c) donor ifl prtcTffflti c islf^ ^fflff 

31. The method of claim 30, wherein the anti-gp39 antibody is a monoclonal 
20 antibody. 

32. The method of claim 30, wherein the am>gp39 antibody is an 
gp39 antibody. 

25 33. The method of claim 31, wherein the monoclonal antibody is MR1. 



34. The method of claim 31, wherein the monoclonal antibody is a chimeric 
BM PO C iOP al a n ti b ody . 



30 35. The method of claim 31, wherein the monoclonal antibody is a 

monoclonal antibody. 

36. The method of claim 30, wherein the gp39 antagonist is a soluble form of a 
gp39HgBni 

35 

37. The method of claim 36, wherein the sohiblc fam of a gp39 ligand is a CD40 
finno n prutein. 
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38. The method of claim 30, wherein the allogeneic or xenogeneic cell is a 
lymphoid criL 

39* The method of claim 38, wherein the lymphoid cell is a B cefl. 

5 

40. The method of daim 39, wheremtheBceflisarestmgBcelL 

. 41. The method of daim 30, wheremtte 
antagoni st are administered to the rec ipie n t prior to transplantation of the pancreatic islet 
10 ceDs. 

42* A method for mdocmg T cell tolerance to a donor tissue or organ m a recipient 
of the tissue or organ comprising administering to the recipient 
a) a donor allogeneic cell; and 
15 b) an anti-gp39 antibody, 

wherein the donor allogeneic cell and the anti-gp39 antibody are administered to the 
recipient prior trmwplmkiamm of the tissue or organ. 

43. The method of claim 42, wherein the anti-gp39 antibody is a monoclonal 
20 antibody. 

44. The method of claim 42, wherein the antt-gp39 antibody is an anti-human 
gp39 antibody. 

25 45. The method of claim 43, wherein the monoclonal antibody is MR1. 

46. The method of claim 44 9 whaem the monoclonal antibody tea cimneric 
monoclonal antibody. 

30 47. The method of claim 44, wherein the monoclonal antibody is a hmnanized 

na o n o ctonri antibody. . 

48. The method of clamt 42, wherem the 
35 49. The method of claim 4S, wherein the rymphoid cell is a B cdL 

50. The method of claim 49, w he re in the B ceil is a resting B celL 
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